Idiopathic ventricular premature contractions (VPCs), defined as VPCs in the absence of obvious structural heart disease, are one of the common types of arrhythmia in clinical practice. They are sometimes complicated with non-sustained ventricular tachycardia (VT), and/or sustained VT with almost same QRS morphology in 12 leads ECG. Idiopathic VT (IVT) commonly occurs by focal mechanisms and the origins are distributed in a variety of sites in both ventricles.
Introduction

Idiopathic ventricular tachycardia (IVT) is usually de-
and left ventricle (LV). Therefore, the catheter approach to the target of the catheter ablation is also complex. Because the effectiveness of radiofrequency (RF) delivery differs with the different origins of arrhythmias, the suspected origin should be decided in advance of the actual procedure for a better ablation outcome.
IVTs have a characteristic morphology of the QRS complex according to the origin of the tachycardia. Based on this, the diagnostic algorithm of the VT/VPC origin utilizing the ECG morphology has been constructed and has been shown to be useful 1 . In this article, the clinical characteristics of IVT/IVPCs, the diagnostic algorithm, and how to ablate them will be reviewed.
Classification of IVT/IVPC
The origin of IVT is widely distributed in both ventricles and near vascular structures. Table 1 shows the classification of idiopathic ventricular tachycardia (IVT) according to the mechanism and origin of the tachycardia. Most VTs arise as focal firing from various sites in the right and left ventricles. Of those, with regard to the right ventricle, the common sites of the VT origin are the outflow tract of both the septal and free-wall aspects, the vicinity of the tricuspid annulus and the His bundle, the right papillary muscle, and the muscular sleeve of the pulmonary artery. The left ventricle also has several specific origins of IVTs, including the left endocardial outflow tract and the epicardial outflow tract which sometimes require RF delivery from the coronary cusps and cardiac summit (the area between the great cardiac vein and anterior interventricular vein), posterior and anterior papillary muscles, the vicinity of the mitral annulus, and the crux of the heart (the epicardial origin around the posterior coronary sinus and middle cardiac vein).
A representative IVT with a reentrant mechanism is a fascicular VT, which is usually divided into three categories: a posterior type (most frequent), anterior type, and upper-septal type. These are commonly susceptible to 
Clinical characteristics and catheter ablation of IVTs
originating from the outflow tract (OT) 2 As IVTs most commonly originate from the outflow tract (OT), several diagnostic algorithms using surface ECGs during periods of tachycardia have been developed 3, 4 . The current ECG algorithms do not take into account cardiac rotation, respiratory variation, and the position of the ECG leads on the chest, which is easily influenced by the body habitus, breast size, and technical experience.
To eliminate the influence of these factors, Batensky et al. 6 compared the QRS morphology of tachycardia with that during sinus rhythm and proposed an effective good variable to distinguish right from left origins, that is, the V2 transition ratio (Fig. 2) . A V2 transition ratio >0.6 predicts an LVOT origin with high sensitivity and specificity.
Yoshida et al. 7 demonstrated that the V2S/V3R index ( Fig. 2 ) using only the ECG during a period of tachycardia is a highly accurate parameter for distinguishing the right and left.
For the electrophysiology (EP) mapping of IVTs, activation mapping of VT/VPCs shows a centrifugal pattern reflecting a focal mechanism of that arrhythmia. With the combination of pace mapping, the location of the tachycardia foci can be confirmed. The unipolar recording from the tip electrode is also useful to endorse the ablation target site, where a QS morphology with a relatively steep onset can be recognized 8 (Fig. 3) . In patients with infrequent VT/VPCs, pace mapping is the only tool currently able to locate the origin. In the majority of patients with an RV-OT origin, RF deliveries from the septal or free wall of the RV-OT result in successful ablation, however it is sometimes necessary to apply the RF energy in the right coronary cusp or above the pulmonary artery valve.
For LV-OT origins, the ratio of endocardial origins is rather small, and more patients can receive successful ablation by RF applications from the coronary cusp or epicardial side. In the EP mapping inside the coronary cusp, the role of pace mapping is quite scarce and activation mapping is the only tool to access the origin. At the successful ablation site, the local electrogram often demonstrates a discrete potential preceding the onset of the QRS complex during the tachycardia, which may reflect the activation of a dead-end origin 9 (Fig. 4) . Such discrete potentials have recently been shown to be recorded even at RV-OT below the pulmonary valve and to be a potential guide for successful ablation 10 .
When an epicardial origin is suspected, it should be confirmed that the local ventricular activation from the great cardiac vein is preceding the onset of the surface QRS complex during the tachycardia. Because this region corresponds to the top of the cardiac structure, it is commonly called the cardiac summit (Fig. 3) . For tachycardias arising from the coronary cusps, a relatively high power of the RF (30-50 W) can be delivered due to the rich blood flow. To avoid injury to the coronary arteries, it should be confirmed that the target site is located more than 1 cm from the orifice of the coronary arteries. For a summit origin, it is recommended to use an irrigation catheter and apply a relatively low energy (<20 W) because the blood flow inside the veins is relatively poor.
IVT/IVPCs originating from the pulmonary artery
IVT/IVPCs sometimes originate from the sleeve muscle of the pulmonary artery 11 . One study showed that a smaller ventricular potential, compared with a RV-OT area and a far-field atrial potential, were recorded above the pulmonary valve 11 . Recently, the distribution of the successful ablation site above the pulmonary valve was determined to be 42% for the right cusp, 33% for the left cusp, and 25% for the anterior cusp 12 . The RF deliveries within the cusps resulted in the successful elimination of the arrhythmia without any complications 11, 12 , although it was recommended to take extra care in order to avoid injury to the vessels due to the close proximity of the ablation sites with the coronary arteries 11 .
IVT/IVPCs originating from the tricuspid annulus Figure 5 15 .
On the contrary, pre-systolic Purkinje potentials (Pp po- areas, which is located in the mid-posterior septum, both the Pd and Pp potentials can be detected (blue dots) and these potentials are closely spaced or often have a fused configuration. Furthermore, this point corresponds to the latest Pd activation and the earliest Pp activation, suggesting that it is evidently an exit site from the slow conduction connecting to the Purkinje fibers. The RF application at this site has been shown to be effective and safe 15, 16 .
Recently, one study looked at the long-term outcome of patients undergoing acutely successful ablation of fascicular VT using a large population (120 patients) 17 . After a median of 57 months of follow up, VT of an ECG morphology occurred in 17 patients, and 6 other patients developed new onset of the upper septal fascicular VT.
Thus, approximately 80% of the patients were shown to be recurrence-free from the arrhythmia. 
21,22
This tachycardia is a rare clinical entity and arises from the epicardial surface at the crux of the heart, near the junction of the middle cardiac vein (MCV) and the coronary sinus (CS). Most of this category of arrhythmias shows a sustained VT with a short cycle length (<300 ms), sometimes followed by syncopal episodes. This tachycardia has unique ECG manifestations such as a very early R/S transition at the V1 or V2 leads and a QS pattern in the inferior leads. Furthermore, due to the epicardial origin, a wide QRS complex with a pseudodelta wave is appreciable and the maximum deflection index (MDI) is often >0.55. Ablation is initially attempted from inside of the CS and MCV targeting the earliest activation site during the tachycardia. However, the success rate is shown to be relatively low. The next step is an epicardial approach. In this approach, attention should be paid to the fact that the right coronary artery commonly runs near the ablation target.
In summary, idiopathic VT and VPCs have a variety of origins, which are widely distributed in both the right and left ventricles. To achieve a successful ablation, the RF is applied from a variety of tissues, including the endocardial surface, above the pulmonary valve, at the coronary cusps, inside the CS, MCV, GCV, and finally from the epicardial surface using several specific approaches. It is recommended to predict the precise origin of the tachycardia utilizing algorithms before the ablation procedures to obtain a better ablation outcome and to
